The intertidal periwinkle Littorina littorea, kept in large experimental basins, was assayed for potential effects of long-term oil exposure on allozyme vanation. Genotypic fitness in individuals that successfully settled in oil-exposed water was also examlned. Only 2 loci (6PGDH and PGA4-2) of 31 investigated were polymorphic according to the 0.95 criterion of polymorphism. Average expected heterozygosity was estimated at 0.043. The low degree of genetic variation rendered it difficult to spot allozyrne markers to be used as indicators of oil stress. Among-sample heterogeneity at the h~ghly polymorphic 6PGDH locus in adult specimens did not correlate with the presence of oil. There were significant differences between fast growers (but not slow growers) and the initial unexposed population in an oil-exposed basin at the 6PGDH locus. However, this gave no evidence that fitness is positively correlated with heterozygosity.
INTRODUCTION
Like the Norwegian coastline in general, the Oslofjord runs a risk of oil pollution from the growing oil industry and tanker transport. Large land-based experimental basins adjacent to the fjord have been used to study the effect of oil on various aspects of marine life, one of which is the suggestion made by Battaglia et al. (1980) and Lavie et al. (1984) that oil pollution may cause selection for specific genotypes or alleles in populations of marine animals.
The use of littoriniids in studies of the possible correlation between environmental variability, natural or man-made, and genetic polymorphism is not extensive (but see Beardmore & Morris 1978 , Wilkins et al. 1978 , Janson & Ward 1984 ). However, larval dispersal capacity in various species of littoriniids has been more or less successfully correlated to differences in genetic heterogeneity (e.g. Snyder & Gooch 1973 , Berger 1977 , Ward & Warwick 1980 , Wilkins & O'Regan 1980 , Janson 1987 periwinkle Littorina Littorea has a long larval stage (3 to 4 wk) and can therefore disperse widely. One would expect Little genetic variation among communities of L. littorea sampled in a restricted area and recruited from the same parental population, provided that external selective forces, if present, act in the same way across the sampling sites. When, on the other hand, environmental conditions vary across the area in question, genetic heterogeneity may evolveif a genetic strategy of adaptation exists.
Because of its reproductive mode, and high abundance in the basins, Littonna littorea was selected as one of 3 species to be tested for potential effects of oil contamination on the allozymic variation at specific gene-loci. The other 2 were Mytilus edulis (Fevolden & Garner 1986) and Balanus balanoides (results not yet published).
We planned to study the potential selective role of oil on Littorina littorea in both adult and juvenile communities. Among adults we looked for differences in allelic frequencies between individuals that survived long-term exposure of oil and the initial population. Among juveniles we surveyed differences in genetic composition between those specimens that successfully settled in oil-exposed basins and those that settled in & Moe 1985). Juveniles were therefore sampled only in control basins or on the adjacent shore. We also hoped autumn 1983. Due to the difficulties in distinguishing to show whether there was a correlation between between such small individuals of Littorina littorea and growth rate and genetic configuration among oil-L. saxatifis the number of small juveniles that could be exposed specimens.
scored was further reduced. The gel runs revealed that some of the juveniles sampled were actually L. saxa tilis. MATERIAL AND METHODS Electrophoretic procedures. The electrophoretic procedures used were identical to those referred to in Basins. The work was done at Solbergstrand Experi- Fevolden & Garner (1986) for Mytilus edulis. Whole mental Station on the east coast of the Oslofjord 50 km specimens (except the intestines) were homogenized south of Oslo. We used 4 concrete basins, each measur-and used in the starch gel electrophoresis. Five buffer ing 8.0 x 5.0 m, filled with about 25 m3 of running systems were used, referred to in Table 1 as A, B, C, D seawater supplied by centrifugal pumps from an intake (as in Fevolden & Garner 1986) and I (Buffer I of Shaw at l m depth offshore from the basins. Each basin is & Prasad 1970). equipped with a wave generator and tidal simulation Genetic variation was determined by measuring frereflecting the tidal range and timing of the fjord.
quencies of the different alleles occurring at each locus, Rocky shore communities had been established in frequencies of the different genotypes and by estimatthe basins through transplantation of shoreline rocks ing values for observed and expected heterozygosities with algae and animals followed by 3 yr of external (according to the Hardy-Weinberg equilibrium). recruitment and self propagation before the oil-dosing
The genetic nomenclature is similar to that used by started in 1982. For the 2 yr from September 1982 to Fevolden & Garner (1986) . Our allelic designation September 1984, 2 of the basins, termed H 0 and L 0 involves ranking mobihhes relative to the commonest (high oil and low oil), were exposed to an average of allele, which is a different approach from protocols 129 and 31 pg 1-' total hydrocarbons, respectively.
suggesting the use of measured relative mobilities. Water-accommodated fractions of diesel oil were However, the latter invariably depend on the texture of mixed continuously into the seawater entering the the gel and it seems hard to obtain measured relative basins. The 2 remaining basins, C2 and C4, were used mobilities that do not vary. We have, therefore, found it as controls (see Fevolden & Garner 1986 for more more appropriate to maintain the use of ranking details).
mobilities.
Samples. A total of 15 different samples of Littorina
In statistical analyses where X 2 values were obtained, littorea were analysed electrophoretically. They were rare alleles (expected numbers less than 5) were pooled as follows:
with neighbouring alleles to check for misinterpreta-B182a. B282a, B382a, B482a: Adults sampled from tions due to low expected numbers of certain classes the 4 basins in September 1982 prior to oil dosing.
(see e.g. Sokal & Rohlf 1969). FJ82a: Adult controls from the shore immediately outside Solbergstrand sampled in September 1982.
H083a: Adults from the high oil basin ( H 0 = B1 RESULTS prior to oil dosing) collected in September 1983, 1 yr after oil dosing started.
Twenty-three enzyme systems plus one unidentified H083j, C283j, L083j, C483j: New recruits (or juve-protein were successfully resolved in the initial elecniles) in the different basins sampled in September trophoretic testing of Littorind littorea from the 4 basins 1983, 1 yr after oil dosing started.
prior to oil dosing (Table 1) . Thirty loci were scored In FJ83j: New recruits from the fjord control station adult individuals sampled in 1982 and 1983, but only sampled in September 1983. one, the dimeric GPGDH, proved to be polymorphic H084a, C284a, L084a, C484a: Adults sampled in according to the 0.95 criterion for polymorphism (freautumn 1984 after 2 yr of oil dosing.
quency of the commonest allele should be less than A minimum of 96 individuals from each sample were 0.95). Since there is only a small probability of revealcollected for electrophoretic assay of adults, but the ing statistically significant among-sample heteronumber of specimens which could be reliably scored geneity at loci with little allelic variation, it was decided for individual enzymes was often lower. There were to analyse the remaining samples only for the following very few new recruits in the basins throughout the enzymes: APH, G3PDH, LAP, GPGDH, PGI, and PGM. experiment. Since this applied to all 4 basins it cannot Two PGM-loci were resolved. PGM-2 could only be have been caused by oil-dosing alone, but was prob-reliably scored for the last 4 samples, which were ably a result of predation by Carcinus maenas (Lystad analysed after a different buffer system (D) had been Protein Abbre- PROT A taken into use to resolve this enzyme. PGM-2 turned out to be the second locus that was polymorphic according to the 0.95 criterion. To our knowledge this highly polymorphic PGM-2 locus has not been resolved in L. littorea by other investigators. Since there was very little genetic variation at most loci, within and between samples, the space-consuming tables with data for all loci in each individual sample have been omitted. Instead, for all loci allelic frequency data have been pooled across the number of samples analysed to give a general impression of the overall genetic variation of the specimens studied (Table 2) . Data for individual samples are given only for (+0.024), while the expected value was 0.043 ( k 0.024).
Comparing all samples in a contingency chi square analysis revealed that no locus showed significant among-sample heterogeneity (p > 0.05). The most pronounced, although not significant, among-sample heterogeneity was found at the 6PGDH locus (X:4 = 20.354, p >0.05), but the variation did not correlate with the presence of oil. This is because the locus revealed significant among-sample heterogeneity in the basins prior to oil dosing (yj = 17.62, p < 0.001) while after 2 yr of oil exposure this inter-basin heterogeneity had vanished (2 = 0.47, p >0.9). None of the remaining 29 loci showed significant amongbasin heterogeneity prior to oil-dosing (p single locus >0.23). Nor did the 6 polymorphic loci (0.99 criterion, Table 2 ) other than 6PGDH show heterogeneity in allelic frequencies among the 4 test basins after 2 of the basins had been exposed to oil for 2 yr (p single locus > 0.05).
Size distribution and gene variation
The size distribution of individuals, measured by shell height, showed that although all 4 basins were recruited at the same time, conditions for growth seem to have differed among the basins. The mean size of Littorina ljttorea in Basin C4 was smaller than in the remaining basins at the start of the experiment (Fig. 1 ). The contemporary significant heterogeneity in allele frequencies at the 6PGDH locus among the basins might have given evidence of a correlation to growth since the smaller individuals in Sample B482a (as compared to the other basins) had higher frequencies of the most common allele than the remaining basins (Table 3) . Two yr later, however, individuals in C4 (C484a) were still smaller than in the 3 other basins (Fig. l) , whereas a correspondingly higher frequency of the most common allele at the 6PGDH locus was not found ( Table 3) . The Littorina community in this basin grew more slowly than the populations in the other basins probably due to the denser population (density data in Lystad & Moe 1985) and intraspecific competition for available food.
The average size of the fjord control specimens (FJ82a) was similar to the size group found in B482a, that is they were smaller than in 3 of the basins (Fig. 1) . Provided the age distribution in basins and fjord was similar this could indicate that the basins in general had a positive effect on growth as compared to the more exposed fjord station. Slow and fast growing oil-exposed individuals . Chi-square contingency tests of the 30 loci analysed showed no significant heterogeneity between the 2 groups at any locus (p single locus >0.08, additive p for all polymorphic loci = 0.283). Again, the difference in allele frequencies at the 6PGDH locus between the 2 groups is pronounced (Table 5) , but not statistically significant (Table 6 ). However, when fast growers in H 0 are compared to the original population in B1 ( H 0 prior to oil dosing), a significant change in allele frequencies at 6PGDH is observed, whereas this is not the case when slow growers are compared to the original population ( Table 6 ). The frequency of rare alleles was lowered among fast growers ( Table 5) .
Inter-basin comparison of juveniles; comparison of juveniles with adults, and of basins with fjord
The juveniles exhibited no significant differences in allele frequencies between oil basins and non-oil basins at any locus ( p single locus >0.16, p total = 0.89). When the data for recruits in all 4 basins were pooled and compared to fjord recruits, contingency table analyses revealed no significant differences (p single locus >0.1, p total >0.7).
A comparison of the pooled group of all j u v e d e samples and the pooled adult samples reveals significant differences at one locus, PGI ( X 2 = 7.351, p <0.01, rare alleles pooled). When the significance level is adjusted to the number of tests, in this case number of polymorphic loci compared (= 5), to correct for the Ierror (Cooper 1968 ), a p significance level of 0.05/5 = 0.01 must be used. The difference at the PGI locus is significant after this correction of the significance level and is caused by higher frequencies of rare alleles among juveniles than among adults. This is not surprising considering the possibilities of yearly variation and also the probability that juveniles and adults have different metabolic requirements. Selection may occur from juvenile stages to adults because of different fitness of the offspring.
Differences in allele frequencies between the adult fjord controls (FJ82) and the pooled sample of pre-oil basin adults were all within the limits of sampling error ( p >0.05).
Deviations from Hardy-Weinberg equilibrium
Chi-square tests and F-statistics (Wright 1965 (Wright , 1978 ) were used to test for deviations from Hardy-Weinberg expectations in a randomly mating population. GPGDH was the only locus of the 31 that at any time showed significant deviations from Hardy-Weinberg equilibrium. All pre-oil basin populations had GPGDH genotype frequencies according to expected values, so had adults in H 0 after 1 yr of oil exposure (p >0.480). However, 2 yr after the experiment started, 3 of 4 basins showed heterozygous overdominance at the GPGDH locus (2 statistically significant; Table 7 ). The Table 7 . Littorina littorea. Chl-square values and F(IS) values (Wright 1965 (Wright , 1978 for deviations from Hardy-Weinberg equilibrium for GPGDH genotypes in the 4 basins at the termination of the experiment. Significance of F(IS) was measured according to LI (1955); X 2 = ~~' ( 1 s ) (N = sample size). Degrees of freedom = 1 This low degree of genetic variation in L. littorea in the Oslofjord rendered it difficult to test our initial hypothesis that exposure to low concentrations of oil should alter the frequencies of alleles and genotypes. It has been acknowledged (e.g. Nevo et al. 1986 ) that the higher the heterozygosity of a species the greater the probability that it would provide a good genetic monitor for pollution.
The basin populations of Littorina littorea showed divergence in allelic frequencies at the GPGDH locus before oil-exposure started despite the fact that all 4 basins were recruited at the same time from the same water and thus the same parental population and cohort of larvae. Between 71 and 91 specimens were scored for GPGDH in the 4 pre-oil basins. Assuming that this allows a reasonable level of statistical precision in the heterogeneity tests, the reason for the preoil heterogeneity at this locus may have been differential selection in the basins.
It was shown that the 6PGDH variation could not be correlated to observed differences in growth among the basins. Also intra-basin differences in growth rate gave no evidence of correlation between growth and heterozygosity ( 
X '
P fact that a significant surplus of heterozygotes was seen in both oil and non-oil basins gave evidence that the oil alone did not provoke selection for heterozygotes.
growers (see Singh & Zouros 1978 , Zouros et al. 1980 , and discussion in Mallet et al. 1986 ). However, survival
DISCUSSION
The average heterozygosity of the Littorina Littorea population analysed here is low and does not fit the expectation of higher heterozygosity for mollusc species with high dispersal of young (see discussion in ). The value of fi was actually increased from 0.008 to 0.042 by the contribution from 2 loci, GPGDH, and PGM-2. Multi-loci analyses of this species from other areas are very few. Two studies (Morris 1979 , Janson 1987 ) confirm the relatively low degree of genetic variation. Morris measured the average expected frequency of heterozygotes over 24 loci to be 0.097 (British Isles) while Janson's estimate over 16 loci was 0.037 (Swedish west coast). Both investigators, however, reported more pronounced variation at specific loci (e.g. PGI) than in the present investigation.
as indicated by the heterozygous surplus of GPGDH at the end of the experiment ( Table 7 ; F[IS] is negative).
Moreover, although there might be a genetic component to fitness in the oil-exposed basins, the 2 highly polymorphic loci in Littorina littorea, GPGDH and PGM-2, either respond indifferently to the presence of oil, or the response is distorted by uncontrolled variables causing synergistic or antagonistic effects. This also applies to a potential basin effect, independent of the presence of oil, since the heterozygous overdominance at GPGDH in the basin populations of L. littorea in autumn 1984 was accompanied by a deficit of heterozygotes (statistically insignificant) at the PGM-2 locus (Table 4) .
Unlike Mytilus edulis in the basins (Fevolden & Gamer 1986) , adult Littorina littorea seemed to have sufficient adaptive capacitiy to cope with the new environment. The viability of adults did not seem to be dramatically affected in 3 of the 4 basins. In the H 0 basin the decrease in the population size of L. littorina over the 2 yr of the experiment was significantly higher than in the other basins (Moe & Lystad unpubl.). However, this effect should be compared to the total extinction of M. edulis in the same basin over the same period (Fevolden & Gamer 1986) .
The adaptive capacity, or fitness, of juveniles is difficult to assess since the number of juveniles was low in all 4 basins. The lowest number of recruits, however, was found in the oil basins (Lystad & Moe 1985) and is likely to b e correlated to toxic effects of the oil. No statistically significant correlation to any of the genetic components analysed was found.
Lavie & Nevo (1982) studied heavy metal selection of PGI allozymes in 2 different gastropod species, Monodonta turbinata and M. turbiformis, and concluded that their results were inconsistent with the neutral theory of allozyme polymorphism (Kimura 1968). Instead they suggested that their results reflected a n adaptive strategy of specific genotypes. This hypothesis gained further support from Nevo et al. (1983) who concluded that different allelic isozyme genotypes of the 2 Monodonta species and of the shrimp Palaemon elegans react differently to the quality and quantity of specific pollutants. More recently, Nevo and coworkers (1986) have presented evidence that within families of marine gastropods, including Littorina, species with a higher level of genetic diversity are more resistant to pollutants than species with low genetic diversity. Littorina saxatilis, which is genetically much more variable than L, littorea (Janson 1987) , was never permanently established in the basins despite its occurrence on the nearby shore. Juveniles were observed in low numbers in all basins (see 'Material and Methods'), adults only in one control basin. It was therefore impossible to clarify whether L. saxatilis is more resistant to oilpollution than L. littorea, as suggested by the hypothesis of Nevo et al. (1986) .
The genetic impact of oil pollution has been studied by Battaglia et al. (1980;  Tisbe holothuriae and Mytilus galloprovincialis) and Lavie et al. (1984; Monodonta turbinata and M. turbiformis) . Both studies suggested that oil pollution caused a decrease in the frequency of heterozygotes at specific loci. Significant differences in viability were found, especially for genotypes of PGI. Whilst the present data alone are not sufficient to reject the role of pollutants in adaptive selection, parallel studies of Mytilus edulis (Fevolden & Garner 1986) and Balanus balanoides (Sigurdsson & Fevolden unpubl.) do not support the findings of Battaglia et al. (1980) and Lavie et al. (1984) . We suggest, therefore, that major groups of marine invertebrates do not possess a genetical adaptive strategy to oil pollution. Viability under such environmental stress for those animals may be a mere phenotypic phenomenonor related to genetical characters other than the allozymes being studied.
